Introduction {#sec1}
============

Dry eye is a common ocular disease that is associated with discomfort and irritation of the eyes and visual impairment. This is a disorder that causes inflammation of the ocular surface, tear film instability, increased osmolarity and worsens dry eye by creating a vicious cycle.[@bib1] Dry eye can also cause loss of visual quality, constant irritation of the eyes, discomfort, a chronic pain, mood disorders, sleep disturbances, and loss of quality of life.[@bib2] It also can reduce individual job performance.[@bib3]

Circadian rhythms include physiological and behavioral changes such as changes in body temperature, blood pressure, blood cortisol level, melatonin level, level of consciousness, and many other items.[@bib4] Adjustment of the body\'s internal clock is related to environmental brightness changes that regulates physiology of the peripheral organs through neuronal and hormonal signals.[@bib5] Moreover, sleep deprivation is associated with autonomic and endocrine system changes such as increased blood pressure and decreased parasympathetic tone and increased secretion of stress hormones like norepinephrine and cortisol.[@bib6] As tear secretion is under neuronal and hormonal controls, sleep deprivation can potentially impair tear film quality or quantity.

An important concern is about night-time workers. Regardless of their waking hours at night, their circadian rhythms are impaired because they are subject to light signals at work. The aim of this study was to evaluate dry eye symptoms and tear film indices changes in night-time workers.

Methods {#sec2}
=======

The present study is a cross-sectional study. The study population included night-shift hospital staff (including medical and security staff). We excluded subjects with a history of ocular surface disease such as problems with the eyelids, conjunctiva and lacrimal system diseases, eye surgery in the last 6 months, systemic diseases associated with dry eye such as rheumatoid arthritis, lupus and Sjogren\'s syndrome, recent use of eye drops and contact lenses in the past 72 hrs, known history of any digestive disorder or diseases associated with vitamin A deficiency.

All participants were examined on two consecutive days (before and after the night-shift) at the same time (7 a.m.). Examination included a two-part assessment:

1 -- Completing the questionnaire: First, for each of the subjects, we completed a questionnaire including the intensity of dry eye symptoms to calculate the severity score before and after the night-shift. Standard patient evaluation of eye dryness (SPEED) questionnaire[@bib7] was used in this study. Four dry eye symptoms including dryness, grittiness or scratchiness, eye fatigue, soreness or irritation, and burning or watering were rated subjectively on a continuous scale from 0 to 4, which higher values reflected a higher severity of the symptoms. We calculated the severity score by adding the four values together. The questionnaire was completed before any eye manipulation.

2 -- Clinical examination (on the left eye for all subjects) in the following order: ocular surface examination, determine the severity of conjunctival hyperemia, tear breakup time (TBUT) test, and basic Schirmer\'s test.

Conjunctival hyperemia was assessed using diffuse illumination technique, and the severity of bulbar hyperemia was recorded in comparison with standard images before and after the night-shift. We determined the severity of conjunctival hyperemia on a scale of 0--4 based on the comparison with standard images. For this purpose, the standard images of International Centre for Eye Care Education (ICEE) was used.[@bib8]

After tarsal conjunctiva surface wetting with a fluorescein strip soaked in saline, tear film was evaluated by a blue filter. The time interval between the last blink and the appearance of the first dry spot on the surface of the cornea were determined as TBUT.

After applying anesthesia (tetracaine 0.5% drop) and removing remaining liquid in the lower fornix, Schirmer\'s strip (*Schirmer-plus, Gecis, Czech Republic*) was placed between the outer and middle third of the lower eyelid. After 5 min, the wet paper length was measured in mm. Location, time, and light condition was the same for each patient for Schirmer\'s tests.

All measurements in this study were non-invasive, and the provisions of the Declaration of Helsinki have been observed in the study. Informed consent was obtained from all participants and the study protocol was approved by the ethics committee.

All the data collected and coded in the computer and analyzed by SPSS 11 software. The Kendall rank test was used to compare dry eye symptoms before and after the night-shift. The Wilcoxon rank test was used to compare tear film parameters (TBUT and Schirmer\'s test) before and after the night-shift. We assessed the correlation between severity score changes and clinical parameters changes (TBUT and basic Schirmer\'s test) before and after the night-shift using non-parametric spearman\'s rank correlation coefficient test. The level of *P*-value \< 0.05 was considered significant.

Results {#sec3}
=======

In this study, 50 consecutive healthy subjects, including 31 males and 19 females with an age range between 24 and 50 years with a mean age of 33.34 (SD ± 6.5) years were assessed.

Dry eye symptoms questionnaire {#sec3.1}
------------------------------

The severity of dry eye symptoms were compared before and after the night-shift. Results showed that the severity of all the four dry eye symptoms were significantly higher after the night-shift (*P* \< 0.05) ([Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}).Table 1Comparison of dry eye symptoms before and after the night-shift.Table 1Post-shift (frequency)Total*P*-valueNo problemsTolerableUncomfortableBothersomeDryness, grittiness or scratchinessPre-shift (frequency)No problems161981440.018Tolerable02406Total162112150Burning or wateringPre-shift (frequency)No problems201842440.009Tolerable02406Total20208250Soreness or irritationPre-shift (frequency)No problems201932440.022Tolerable05106Total20244250Eye fatiguePre-shift (frequency)No problems716133390.013Tolerable034310Uncomfortable00101Total71918650Table 2Comparison of pre-shift and post-shift bulbar hyperemia.Table 2Post-shift bulbar hyperemia score (frequency)Total*P*-value0123Pre-shift bulbar hyperemia score (frequency)0112010320.00110113014200224Total11316250Table 3Comparison of tear breakup time (TBUT) and Schirmer\'s tests before and after the night-shift.Table 3NumberMinimumMaximumMeanStandard deviation*P*-valuePre-shift TBUT5043010.986.240.001Post-shift TBUT502258.064.83Pre-shift Schirmer\'s test5023017.346.450.037Post-shift Schirmer\'s test5023019.047.83[^1]Table 4Correlation between severity score and clinical parameters before and after the night-shift.Table 4Severity score changeSpearman\'s rhoSchirmer\'s test changesCorrelation coefficient0.078*P*-Value0.588Number50Spearman\'s rhoTBUT changesCorrelation coefficient−0.064*P*-Value0.657Number50[^2]

Bulbar hyperemia {#sec3.2}
----------------

We showed that the conjunctival hyperemia was more severe after the night-shift (*P* = 0.001) ([Table 2](#tbl2){ref-type="table"}).

Tear film stability {#sec3.3}
-------------------

Mean value of TBUT test after the night-shift was lower (lower tear film stability) than the mean value before the night-shift (8.06 ± 4.83 vs 10.98 ± 6.24 s) ([Table 3](#tbl3){ref-type="table"}). Analytical assessment showed that the difference before and after the night-shift is statistically significant (*P* = 0.001).

Basic Schirmer\'s test {#sec3.4}
----------------------

Basic Schirmer\'s test values were measured before and after the night-shift (its minimum value was 2 mm and maximum value was 30 mm). The mean value of the test after the night-shift was greater than the mean value before the night-shift (19.04 ± 7.83 vs 17.34 ± 6.45 mm) ([Table 3](#tbl3){ref-type="table"}). Analytical assessment showed that the difference before and after the night-shift is statistically significant (*P* = 0.037). However, 7 subjects (14%) had a Schirmer\'s test value of less than or equal to 10 mm before the shift, while 10 subjects (20%) had a Schirmer\'s test value of less than or equal to 10 mm after the night-shift.

We assessed the correlation between total severity score changes and clinical parameters changes (TBUT, basic Schirmer\'s) before and after the night-shift. The correlation coefficient for the Schirmer\'s test was 0.078 (*P* = 0.588). The correlation coefficient for the TBUT test was −0.064 (*P* = 0.657). Results showed no correlation between total severity score changes and clinical parameters changes (*P* \> 0.05) ([Table 4](#tbl4){ref-type="table"}).

Discussion {#sec4}
==========

Sleep disturbance has a strong association with many disease that can potentially cause significant comorbidity and in some severe cases can cause morbidity on a patient.[@bib9] Dry eye is a multifactorial disease involving the tear film and ocular surface.[@bib10] Sympathetic and parasympathetic nerves stimulate tear production from lacrimal glands.[@bib11] Sleep deprivation is associated with autonomic and endocrine system changes such as increased blood pressure and decreased parasympathetic tone and increased secretion of stress hormones like norepinephrine and cortisol. So sleep deprivation can potentially impair tear secretion.[@bib6], [@bib12] Ayaki study showed that the prevalence of sleep disorders in patients with dry eye is higher than sleep disorder in other ocular diseases, but the study did not specify whether sleep disturbance causes the increased prevalence of dry eye or dry eye is caused by sleep disorders.[@bib2] In our study, we assessed some tear film parameters and dry eye symptoms before and after the night-shift. We have shown that night-time working can cause tear film instability and exacerbation of dry eye symptoms.

In the present study, all dry eye symptoms had significant changes toward the higher severity scores after the night-shift (*P* \< 0.05). In a study by Nascimento and colleagues, they showed increased sensitivity to pain following sleep disruption.[@bib13] This finding may have a role in exacerbation of dry eye symptoms as well.

Most participants in our study were young and middle-aged people (mean age 33.34 years). Given that the prevalence of dry eye increases with age,[@bib14] probably the effect of sleep deprivation and disruption of normal circadian rhythms of the body have more adverse effects in the elderly. However, most participants in our study also experienced intensified dry eye symptoms. The long-term effect of night-time working may be more highlighted after several years and might show more effects later in life because dry eye is an inflammatory process which over time damages the lacrimal glands and in the long run changes the quality and quantity of tear film and results in ocular surface disease.[@bib15] In our study, there were no associations between symptoms of dry eye and clinical parameters, as in most previous studies.[@bib16], [@bib17]

We found increased levels of bulbar hyperemia after night-shift work that can represent a mild inflammatory response of the conjunctiva.

TBUT test is used to evaluate tear film stability. Our study showed that night-time working aggravates dry eye symptoms and reduces the TBUT. Like our current study, In a study by Lee and colleagues sleep deprivation reduced TBUT.[@bib1] Hormonal and neurological changes secondary to sleep deprivation may alter tear film composition (for example changes in lipid layer) and impair tear film stability.

Due to high variability of the Schirmer\'s test, diagnostic value and reliability of the Schirmer\'s test is controversial.[@bib18] This high variability depends on various factors such as the size of the inserted portion of Schirmer\'s paper, temperature, and humidity of the environment, the way you put the paper in place and reflex tearing that follows paper insertion.[@bib19], [@bib20] In our study, unlike the Lee and colleagues[@bib1] post-shift Schirmer\'s test average values were significantly higher than the average values of the pre-shift (19.04 vs 17.34 mm), while the number of people who Schirmer\'s test was less than or equal to 10 mm increased after the night-shift. This seemingly contradictory result shows that it is possible that confounding factors like those mentioned earlier, falsely increased Schirmer\'s test values in some cases. On the other hand, increased Schirmer\'s test values may be compensatory to stress induced by sleep deprivation. Moreover Schirmer\'s test values less or equal to 10 mm have greater diagnostic value than the values above 10 mm and with increasing Schirmer\'s test values the sensitivity of the test is reduced.

TBUT depends on reduced surface tension caused by mucin and other factors and depends less on tear volume.[@bib21] In fact, we can say that TBUT checks the quality rather than the quantity of tear film. Because the Schirmer\'s test checks the quantity and TBUT mainly checks the quality of tear film,[@bib21] the lack of alignment of their changes could be explained. Although Schirmer\'s test is less sensitive than TBUT for the dry eye diagnosis[@bib19] and doesn\'t show acute tear film dysfunction as well as TBUT test does, Schirmer\'s test is valuable for assessing the long-term sequels of ocular surface diseases such as dry eye syndrome.

This study has several limitations. The sample size is small. Also, we did not have a control group of subjects with the measurements during day time (before starting the work and at the end of the day).

Since the effect of dry eye on quality of life is remarkable, any reform in order to meet this problem may improve quality of life and job performance. We found that night-time working can exacerbate dry eye symptoms and tear film instability. Therefore, night time workers need special attention to prevent the onset or exacerbation of the disease. Further studies are needed to assess tear film and its biochemical changes to describe the findings of this study.
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[^1]: TBUT: Tear breakup time.

[^2]: TBUT: Tear breakup time.
